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List of 27 Preliminary Design Formulas
Preliminary Design

1) Crew Weight given Fuel and Empty Weight Fraction @

Wc = DTW - (1 o Ef o Ff) —PYL Open Calculator (&'
B0 12600kg = 250000kg - (1 — 0.5 — 0.4) — 12400kg

2) Crew Weight given Takeoff Weight @
W.=DTW — PYL - FW — OEW Open Calculator (&
@ 12600kg = 250000kg — 12400kg — 100000kg — 125000kg

3) Design Range given Range Increment @
Rp = Ry — AR Open Calculator (%'
B 52km = 123km — 71km

4) Empty Weight Fraction @

™ OEW Open Calculator (%'
BE = prw

@ 05— 125000kg
" 250000kg
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5) Empty Weight Fraction given Takeoff Weight and Fuel Fraction @

PYL+W Open Calculator (&
BE:=1-F;— c
DTW
12400k 12600k
B05—1- 04 2200k 2000k
250000kg

6) Empty Weight given Empty Weight Fraction @
OEW = E;-DTW Open Calculator (¢

a 125000kg = 0.5 - 250000kg

7) Empty Weight given Takeoff Weight @

OEW =DTW — FW — PYL — Wc Open Calculator (¢
a 125000kg = 250000kg — 100000kg — 12400kg — 12600kg

8) Fuel Fraction ['_‘1

FW Open Calculator (&

@RF: = DTW

@0 4 100000kg
"7 250000kg
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9) Fuel Fraction given Takeoff Weight and Empty Weight Fraction @

PYL+W Open Calculator (&
Fr=1—F; — c
DTW
12400k 12600k
Bo.4—1-05 220 2000k
250000kg

10) Fuel Weight given Fuel Fraction @

FW =F;-DTW Open Calculator (&
a 100000kg = 0.4 - 250000kg

11) Fuel Weight given Takeoff Weight @

FW = DTW — OEW — PYL — Wc Open Calculator (¢
a 100000kg = 250000kg — 125000kg — 12400kg — 12600kg

12) Harmonic Range given Range Increment ['_‘1

RH = AR + RD Open Calculator (&'

@ 123km = 71km + 52km

13) Helicopter Flying Range ['_‘1

G T CL & Open Calculator @
qR =270 — - — -q, - =
B W, Cp " ¢
37.5kg 1.1 2.3

@ 1002.552km = 270 - 3.33

1001IN ~ 0.51 7 0.6kg/h/W
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14) Maximum Lift over Drag @

AR 0.5 Open Calculator (@'
LDmaxatio = Krp - | 5—
S
0.5
4
@ 19.79899 = 14 -
10.16m?
5.08m?2

15) Optimum Range for Jet Aircraft in Cruising Phase @

(max) ° LDmaXratio Wi Open Calculator (&'
-In
W;

BE- Vi

C

a 1002.472km =

42.9kn - 19.7 514kg
. n ———
0.6kg/h/W 350kg

16) Optimum Range for Prop-Driven Aircraft in Cruising Phase @

Ropt - Wf

n- LDmax . W Open Calculator (&'
ratio i
-1n ( )
C

93 - 19. 14k
B) 42.24347km = 0.93 - 19.7 n(5 g)

0.6kg/h/W ~ \ 350kg

17) Payload Weight given Fuel and Empty Weight Fractions @
PYL =DTW. (]_ — Ef — Ff) — W. Open Calculator @

B0 12400kg = 250000kg - (1 — 0.5 — 0.4) — 12600kg
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18) Payload Weight given Takeoff Weight @

PYL =DTW - OEW - W, - FW Open Calculator (%'
a 12400kg = 250000kg — 125000kg — 12600kg — 100000kg

19) Preliminary Endurance for Jet Aircraft @

Open Calculator @

LDmax ;0 - ln( va; )

Br:-

C

514kg
19.7-In 555 )

0.6kg/h/W

a 45423.09s =

20) Preliminary Endurance for Prop-Driven Aircraft @

WL (be
LDEmax;,tio - 1 - ln( bee)

Open Calculator @
WL send

Be-

C- V(Emax)

400k;
26-0.93 - In 55 )

0.6kg/h/W - 40kn

a 2028.252s =

21) Preliminary Take Off Weight Built-up for Manned Aircraft @

DTW = PYL + OEW + FW + W, Open Calculator (¢

] 250000kg = 12400kg + 125000k -+ 100000kg + 12600kg
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22) Preliminary Take off Weight Built-Up for Manned Aircraft given Fuel
and Empty Weight Fraction @

PYL+ W Open Calculator (%'
DTW = C

1—F; — By
a 250000kg — 12400kg + 12600kg

1-04-0.5

23) Takeoff Weight given Empty Weight Fraction @

OEW Open Calculator (%'
DTW =
E¢
125000k
B0 250000kg = Tg

24) Takeoff Weight given Fuel Fraction @

FW Open Calculator (%'
DTW = ——
Fy
100000k
B 250000kg = 0—4g
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25) Velocity at Maximum Endurance given Preliminary Endurance for
Prop-Driven Aircraft @

Open Calculator @

LDEmax;ao - 1 - ln( Wi ey )
c-E

400k,
26-0.93 - In( 5% )

0.6kg/h/W - 2028s

V(Emax) —

@ 40.00497kn =

26) Velocity for Maximizing Range given Range for Jet Aircraft @

R-c Open Calculator (%'

VL/D(max) =

LDmax; .0 - In (%)

1000km - 0.6kg/h/W
514k
19.7- In (555 )

27) Winglet Friction Coefficient @

@ 42.79419kn =

4.55 Open Calculator (&
x l'lf it —
. riction log 1O(Re2 58)
4.55
@ 0.476772 =
log 10 ((5000)2-58)
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Variables Used

AR Aspect Ratio of a Wing
C Power Specific Fuel Consumption (Kilogram per Hour per Watt)

Cp Drag Coefficient
C_ Lift Coefficient

DTW Desired Takeoff Weight (Kilogram)
E Endurance of Aircraft (Second)
E¢ Empty Weight Fraction

F# Fuel Fraction

FW Fuel Weight to be Carried (Kilogram)
Gt Weight of Fuel (Kilogram)

K| p Landing Mass Fraction

LDEmax,¢j, Lift to Drag Ratio at Maximum Endurance
LDmax, ,¢jo, Maximum Lift-to-Drag Ratio of Aircraft
OEW Operating Empty Weight (Kilogram)

PEg Preliminary Endurance of Aircraft (Second)

PYL Payload Carried (Kilogram)
R Range of Aircraft (Kilometer)
Rp Design Range (Kilometer)

RK Harmonic Range (Kilometer)
Ropt Optimum Range of Aircraft (Kilometer)
Re,y| Winglet Reynolds Number

S Reference Area (Square Meter)
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S et Aircraft Wetted Area (Square Meter)

V(Emax) Velocity for Maximum Endurance (Knot)

VL/D(max) Velocity at Maximum Lift to Drag Ratio (Knot)

W, Aircraft Weight (Newton)

W, Crew Weight (Kilogram)

W5 Weight of Aircraft at End of Cruise Phase (Kilogram)

Wi Weight of Aircraft at Beginning of Cruise Phase (Kilogram)
WL(beg) Weight of Aircraft at Beginning of Loiter Phase (Kilogram)
WL,end Weight of Aircraft at End of Loiter Phase (Kilogram)

AR Range Increment of Aircraft (Kilometer)
N Propeller Efficiency
N, Rotor Efficiency

Mfriction Coefficient of Friction

& Coefficient of Power loss
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Constants, Functions, Measurements used

e Function: In, In(Number)
The natural logarithm, also known as the logarithm to the base e, is the
inverse function of the natural exponential function.

e Function: log10, log10(Number)
The common logarithm, also known as the base-10 logarithm or the
decimal logarithm, is a mathematical function that is the inverse of the
exponential function.

e Measurement: Length in Kilometer (km)
Length Unit Conversion @

e Measurement: Weight in Kilogram (kg)
Weight Unit Conversion @

¢ Measurement: Time in Second (s)
Time Unit Conversion @

e Measurement: Area in Square Meter (m?)
Area Unit Conversion @

e Measurement: Speed in Knot (kn)
Speed Unit Conversion @

¢ Measurement: Force in Newton (N)
Force Unit Conversion @

e Measurement: Specific Fuel Consumption in Kilogram per Hour per Watt
(kg/h/W)
Specific Fuel Consumption Unit Conversion @
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Check other formula lists
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